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The AravallieDelhi and Satpura Mobile Belts (ADMB and SMB) and the Eastern Ghat Mobile Belt (EGMB) in
India form major Proterozoic mobile belts with adjoining cratons and contemporary basins. The most
convincing features of the ADMB and the SMB have been the crustal layers dipping from both sides in
opposite directions, crustal thickening (w45 km) and high density and high conductivity rocks in upper/
lower crust associated with faults/thrusts. These observations indicate convergence while domal type re-
ﬂectors in the lower crust suggest an extensional rifting phase. In case of the SMB, even the remnant of the
subducting slab characterized by high conductive and lowdensity slab in lithosphericmantle up tow120 km
across the PurnaeGodavari river faults hasbeen tracedwhichmaybe causedbyﬂuids due tometamorphism.
Subduction related intrusives of the SMB south of it and the ADMBwest of it suggest NeS and EeWdirected
convergence and subduction during MesoeNeoproterozoic convergence. The simultaneous EeW conver-
gence between the Bundelkhand craton and Marwar craton (Western Rajasthan) across the ADMB and the
NeS convergence between the Bundelkhand craton and the Bhandara and Dharwar cratons across the SMB
suggest that the forces of convergence might have been in a NEeSW direction with EeWand NeS compo-
nents in the two cases, respectively. This explains the arcuate shaped collision zone of the ADMBand the SMB
which are connected in their western part. The Eastern Ghat Mobile Belt (EGMB) also shows signatures of E
eW directed MesoeNeoproterozoic convergence with East Antarctica similar to ADMB in north India.
Foreland basins such as Vindhyan (ADMBeSMB), and Kurnool (EGMB) Supergroups of rocks were formed
during this convergence. Older rocks such as Aravalli (ADMB), MahakoshaleBijawar (SMB), and Cuddapah
(EGMB) Supergroups of rocks with several basic/ultrabasic intrusives along these mobile belts, plausibly
formed during an earlier episode of rifting during PaleoeMesoproterozoic period. They are highly disturbed
and deformed due to subsequent MesoeNeoproterozoic convergence. As these Paleoproterozoic basins are
characterizedby large scale basic/ultrabasic intrusives that are considerablywide spread, it is suggested that a
plume/superplume might have existed under the Indian cratons at that time which was responsible for the
breakup of these cratons. Further, the presence of older intrusives in these mobile belts suggests that there
might have been some form of convergence also during Paleoproterozoic period.
 2013, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.þ91 40 23434651.
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Orogenic belts during Precambrian period formed due to colli-
sion of cratons played an important role in growth of continents.
Their identiﬁcation is important to understand the plate tectonics
and associated activities at that time. In a Precambrian terrain, if
crustal blocks are separated by boundaries across which there is a
marked difference in physical properties, stratigraphy or tectonic
history or a discontinuity in structural trends, such boundaries
represent suture zones, especially if they are highly sheared.
Sutures are important to demarcate orogenic belts. Similarly, thereeking University. Production and hosting by Elsevier B.V. All rights reserved.
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present day collision zones which may help in delineating old su-
ture zones in the ArcheaneProterozoic terrains.
(1) High order of reﬂectivity in the upper and lower crusts in-
dicates convergence and extensional phases, respectively.
Dipping reﬂectors from either side in the crust whose junction
if projected to the surface coincides with a sheared zone in-
dicates a suture where high velocity lower crustal rocks may
occur due to thrusting. Near vertical reﬂections in the crust or
dipping reﬂectors in the upper mantle away from the suture
also indicate convergence tectonics.
(2) High gravity anomalies over the Proterozoic terrain repre-
senting high density lower crustal rocks and lows over the
Archean terrain related to sediments of the foreland basins on
one side and subduction related intrusives on the other side
suggest collision and subduction (Mishra, 2006).Figure 1. A simpliﬁed tectonic map of India showing various cratons and fold (mobile) belts
on the present study. The EeW and NeS arrows in north India indicate MesoeNeoproteroz
AravallieDelhi Mobile Belt (ADMB) and BKC and Bhandara craton (BC) across the Satpura
converging forces during that time. In fact, NEeSW directed force might be the primary forc
joined together in the western part and formed a curvilinear collision zone along which
convergence between the East Antarctica and the Dharwar craton (India) across the Easter
4e6 (white stars) and >6 (black stars), respectively from 1975 onwards (USGS Website). No
with the eastward extension of the SMB and MunghyreSaharsa ridge under the Ganga basin
craton; CB e Cuddapah Basin; CGGC e Chottanagpur Granite and Gneiss Complex; DC e Dh
Southern Granulite Terrain; VB e Vindhyan basin; WDC e Western Dharwar craton.(3) Magnetotelluric studies often suggest the presence of
blocks of different conductivities on either side of the Arche-
aneProterozoic sutures. They also provide evidence of high
conductivity at shallow depth on the obducted side (mobile
belts) and along the suture that are related to thrusted blocks
and ﬂuids, respectively. High conductivity and low density
rocks in the upper mantle dipping away from the mobile belt
may indicate remanence of the subducted rocks that are
metamorphosed to give rise to ﬂuids causing these anomalies.
A topographic map of the Indian continent is given in Fig. 1 that
shows important Proterozoic fold (mobile) belts like the
AravallieDelhi (ADMB), the Satpura (SMB) and the Eastern Ghat
(EGMB) Mobile Belts and Godavari Proterozoic Belt (GPB) and
adjoining basins and cratons that are discussed here. It also shows
the epicentres of earthquakes of magnitude 4e6 (white stars) and
>6 (black stars) (USGS Website) that occurred since 1975. Platewith arrows indicating direction of convergence during Proterozoic convergence based
oic convergence between the Bundelkhand craton (BKC) and Marwar block across the
Mobile Belt (SMB), respectively while the NEeSW arrow is the resultant of these two
e of convergence at that time and NeS and EeW forces may be its component. They are
Vindhyan basin formed as a foreland basin. EeW yellow arrow is the direction of
n Ghat Mobile Belt (EGMB). Stars denote the epicentres of earthquakes of magnitudes
rth and NW of Kolkata where the northward extension of the EGMB is likely to interact
showmore seismic activity compared to other parts of these mobile belts. BAC e Bastar
arwar craton; EDC e Eastern Dharwar craton; GPB e Godavari Proterozoic Belt; SGT e
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counter parts are most seismogenic but they do not form a part of
the present study. Among the intraplate seismic activity, the Pro-
terozoic mobile belts (ADMB, SMB, EGMB and the GPB) show high
seismicity and are also characterized by high lands. The SMB has
also been referred to as Central Indian Tectonic Zone (Acharyya,
2003). However, authors have preferred the old nomenclature as
it is more familiar and connects it to the topographic highs and fold
belts in Central India similar to other mobile belts. This ﬁgure
shows the direction of convergence (arrows) between various
cratons across the mobile belts as obtained from the present study.
It also shows the geophysical proﬁles across the ADMB, and the
western part of the SMB that have been modelled and discussed in
the present study. A brief account of available geophysical data and
models are discussed along with the new data and models to
provide a comprehensive picture of the Proterozoic convergence
and associated rifting.Figure 2. Bouguer anomaly map of South Indian Shield with various gravity highs and lows r
belts, cratons and basins related to Proterozoic orogeny.2. Bouguer anomaly map
Bouguer anomaly of the Indian Shield presented in Fig. 2 (GSI-
NGRI, 2006; Mishra et al., 2008) shows large wavelength gravity
lows, L1 and L2 over the Ganga basin and the South Indian Shield
south of the SMB, respectively. Other gravity highs and lows which
are related to Proterozoic mobile belts are marked as H1-H13 and
L3-L9 that are described below. The gravity highs are primarily
associated with different Proterozoic mobile belts (Figs. 1 and 2),
viz. H2 (ADMB), H3 and H5 (SMB), H4 and H6 (EGMB) and H9 and
H10 (GPB). The EGMB exposed between Bhubaneswar and Chennai
is associated with gravity highs H4 and H6 but these highs extend
towards the south (H8) and the north (H7). The gravity highs, H7
even extend further north under the Ganga basin and represent
basement anomalies due to MonghyreSaharsa basement ridge.
Other gravity highs, H11 and H12 towards north of the SMB are
related to the Mahakoshal and Bijawar Supergroup of rocks ofelated to the present study are marked as H1-H13 and L1-L10 that are related to mobile
Table 1
Some important tectonic events and intrusive of the ADMB and the SMB and adjoining cratons (Fig. 3).
Ages and events ADMB (Sinha-Roy, 1988, 2007; Bhowmik et al., 2010; Kaur et al., 2011;
Bhowmik and Dasgupta, 2012; Dharma Rao et al., 2012)
SMB: Central Part of SMB and Bhandara Craton (Sarkar et al.,
1981; Yedekar et al., 1990; Pradhan et al., 2010; Meert et al.,
2011; Chakraborty and Roy, 2012)
Neoproterozoic Post Delhi magmatism: Erinpura granite and Malani volcanics: 0.8e0.7 Ga
Back arc basins with bimodal volcanics: 0.9e0.8 Ga
Mesoproterozoic End of Delhi orogeny: 1.0 Ga
Deformation and thrusting of Delhi rocks: 1.1 Ga
Delhi rifting and Delhi supergroup of rocks: 1.5 Ga
End of Sausar orogeny: 1.0 Ga
Southern granulite rocks: 1.0 Ga
Mangikota volcanics: 1.0 Ga
Khairagarh volcanics: 1.4 Ga
Sausar metasediments and gneisses/migmatite complex 1.5 Ga
Paleoproterozoic End of Aravalli orogeny: 1.6 Ga
Granite of north Delhi fold belt and base metal mineralization: 1.7e1.6 Ga
Darwal, Amet granite and several other granite intrusives: 1.9e1.7 Ga
Sandmata lower crustal granulite rocks: w1.72 Ga
Aravalli supergroup of rocks: w1.9 Ga
Berach granite: 2.5 Ga
End of Mahakoshal orogeny: 1.6 Ga;
Deformation of Mahakoshal rocks and northern granulite rocks:
1.6 Ga; Padhar maﬁc/ultramaﬁc intrusive: w1.5e1.6 Ga
Gwalior and Bijawar trap: w1.8
Mahakoshal group of rocks: w1.9e2.0 Ga;
Sakoli and Nandagon bimodal volcanics of back arc type: 2.2 Ga
Dongargarh and Malanjkhand K-granite, Island arc type: 2.3 Ga
Granite intrusions: 2.4e1.6 Ga
Archean Untala and Gingla granite: 2.9 Ga
Banded gneissic complex: 3.5 Ga
Unclassiﬁed granite and gneisses
(Amgaon, Sukma etc.): 3.0e3.5 Ga
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related to the basins or intrusives (Figs. 2 and 3) such as Vindhyan
basin (L3, L4 and L5); Erinpura granite and Malani volcanic (L6);
Godavari Gondwana basin (L8); and Cuddapah basin (L7). Cudda-
pah basin also shows gravity highs, H13 in the western part where
large numbers of maﬁc sills and dykes are exposed. The gravity
lows, L9 and L10 are related to Bundelkhand and Bastar cratons,
respectively.Figure 3. Geological map of the North Indian Shield that includes the Satpura Mobile Belt (S
Central Indian Shear (CIS) is shown in the central part of the southern margin of the SMB w
GB e Ganga Basin, GBF e Great Boundary Fault, RB e Rajasthan Block, SC e Singhbhum cr3. Central Indian cratons and mobile belts
Fig. 3 (GSI, 1993a) presents a detailed geology of this region that
will be used to understand the tectonic settings of the ADMB and
the SMB. This region in central part of India is occupied by the
Bundelkhand craton towards the north of the SMB and Bhandara
and Dharwar cratons towards the south. This map (Fig. 3) also
shows ﬁve gravity Proﬁles (IeV) across the ADMB and the SMB.MB), the AravallieDelhi Mobile Belt (ADMB), and the adjoining cratons (GSI, 1993a). The
hose northern margin is the Narmada-Son lineament (NSL). BC e Bundelkhand craton,
aton, VB e Vindhyan basin.
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the seismic section that provided some new results which conform
to the surface geological observations and provides insights into the
tectonic processes related to the Proterozoic collision and rifting
along the ADMB. Most of the proﬁles across the SMB which have
been studied earlier (Mishra et al., 2000; Mishra, 2011a) are located
in its central and the eastern parts due to exposed basement rocks
in that section where results are relatively easier to interpret. The
western part, however is least studied mainly because of the Dec-
can traps cover on the surface and geophysical anomalies can be the
only source of information in this section. We have, therefore
chosen two proﬁles across the western part of the SMB for the
present study, viz. ThuadaraeSindad and BhopaleSangola (Fig. 1),
keeping in view of the availability of seismic and magnetotelluric
controls along them. However, for the sake of completeness, results
along proﬁles II and III in the central part of the SMB (Fig. 3) are
brieﬂy discussed below as basement rocks are exposed along these
proﬁles which facilitate a more meaningful interpretation of
geophysical anomalies. This in turn would help to interpret
geophysical anomalies in the western part of the SMB that is
covered by Deccan trap of late Cretaceous period in comparison to
the central part. Descriptions of the results along the proﬁles across
the central part of the SMB are also important for Maha-
koshaleBijawar and Vindhyan Supergroup of rocks that are related
to Satpura orogeny.
4. The AravallieDelhi Mobile Belt
4.1. Geology and tectonics: NagaureJhalawar (Kunjer) transect
A detailed geological map of this section is given in Fig. 3 that
also shows the Proﬁle I, NagaureJhalawar (Kunjer) where various
geophysical and geological studies were carried out earlier as part
of an integrated study. The ADMB consists of two distinct groups of
rocks of different periods viz. Aravalli and Delhi Supergroup of
rocks of Paleoproterozoic and MesoeNeoproterozoic periods to-
wards the eastern and the western parts of the mobile belt,
respectively. The eastern section of the transect is characterized by
Banded Gneissic Complex (BGC) of Mesoarchean as basement that
is separated from the Vindhyan sediments towards the east by the
Great Boundary Fault. The BGC consists of metasediments and
meta-volcanics (basic and ultrabasic) of Mangalwar complex and
Hindoli group of rocks. Sandmata complex of lower crustal granu-
lite rocks belongs to Paleoproterozoic period (Table 1). Most of the
ages of the rocks reported from this section vary widely from
w3.3e1.7 Ga (Kaur et al., 2009, 2011; Bhowmik et al., 2010;
Bhowmik and Dasgupta, 2012). Most of these ages are from gran-
itoids exposed in the area that are important for collision tectonics.
The older Archean dates are related to the basement rocks like BGC
while Paleoproterozoic dates (w1.9e1.7 Ga) belong to the Aravalli
Supergroup of rocks. The Aravalli Supergroup of rocks comprised of
metavolcanics and metasediments. Jahazpur granite of 1.7e1.5 Ga
along the eastern margin of the ADMB may represent an island arc
of that period (Sugden et al., 1990). These intrusives are equivalent
to the Aravalli Supergroup of rocks.
The Delhi Supergroup of rocks occurring on the western side of
the ADMB comprises basically metasediments and basic-felsic
volcanic rocks of MesoeNeoproterozoic period. They are regarded
to represent arc-trench sequence towards the east and ophiolites
melange towards the west (Sinha-Roy et al., 1995). The close of the
Proterozoic period was marked by magmatic activities such as
emplacement of the Erinpura granite and the Malani volcanics
along the western margin of the mobile belt that are considered to
be 800e750 Ma (Fig. 3; Table 1). The former is represented by
plutonic suite of rocks similar to those found in island arcs whilethe latter represents bimodal (basic-felsic) volcanic, of calc-alkaline
type with rift ﬁlls. SHRIMP U-Pb zircon ages of granitoids (Dharma
Rao et al., 2012) occurring along the western margin of the Delhi
fold belt vary from w800e1020 Ma following in the range of
Neoproterozoic ages. The Marwar Supergroup of rocks occurring
with Malani volcanics at the western end of the transect are ﬂat
lying undeformed cover sequence consisting of metasediments
indicate post-orogenic platform sediments of back arc rift basin and
related magmatism (Sinha-Roy et al., 1995). Biju-Sekhar et al.
(2003) dated zircons from some granitoids and reported both the
age groups of 1.9e1.7 and 1.1e0.9 Ga from same samples, the latter
ages obtained from the rim suggesting older ages as provenance
age. In brief, the ADMB is characterized by two periods of in-
trusives, viz.w1.7e1.5 and 1.0e0.8 Ga showing associations similar
to back arc type that indicates two orogenies of different periods in
this section.
4.2. Geophysical studies
Gravity high, H2 (Fig. 2) is part of the gravity highs related to the
ADMB that extend from SW to NE up to Himalaya (Mishra, 2006). It
is ﬂanked by gravity lows L1 and L2 which are attributed to
Vindhyan sediments of Proterozoic period, and Erinpura granite
and Malani volcanic, respectively related to this orogeny. In this
respect, it provides a typical set of gravity anomalies due to a
Proterozoic orogeny as discussed before. The gravity data along
Proﬁle I (NagaureJhalawar) was recorded at a station spacing of
0.5 km especially for this purpose that provided a gravity proﬁle of
an overall accuracy of 1 mGal. It is modelled constrained from
seismic section along the same proﬁle (Tewari et al., 1997). This
proﬁle (Fig. 4) also shows a central gravity high, H1 ﬂanked by
gravity lows, L1 and L2 similar to those shown in the gravity map
(Fig. 2). The gravity high, H1 along this proﬁle is observed over the
ADMB corresponding to the gravity highs, H2 observed in the map
(Fig. 2) that extends southwards to cover the entire section of the
ADMB (Fig. 3). The BGC consists of Hindoli and Mangalwar Super-
group of rocks and Sandmata complex comprising of several maﬁc/
ultramaﬁc bodies and granitoid intrusives which are contemporary
to Aravalli Supergroup of rocks of Paleoproterozoic period as
referred to above indicating that the BGC may be regarded as
reworked basement rocks.
The geometry of the gravity model is guided by connecting
the reﬂectors given in the seismic section and assigning the
densities based on the observed gravity anomalies and
the exposed rock types. The model parameters are varied within
the geologically reasonable limits so as to obtain a good match
between the observed and the computed ﬁelds that provided the
ﬁnal density model as shown in Fig. 4. The most interesting
aspect of this model is the dipping of crustal structures from
both sides in opposite directions with crustal thickening
(w45 km) in the central part that are typical of collision tec-
tonics. The other interesting features of this model are the east-
verging Jahazpur thrust and the Great Boundary Fault (F4 and
F5), and the former is connected to the eastern part of the uplift
in the lower crust. This thrust also includes a low density body
(2.65 g/cm3) that is Jahazpur granite and accounts for the gravity
low, L1. The lower crustal body under the ADMB corresponding
to the gravity high, H1 has been assigned a density (3.0 g/cm3)
higher compared to the normal lower crust since it has also
shown a marginally high velocity (7.3 km/s, Vijaya Rao et al.,
2000). It has uplifted the lower crust (2.9 g/cm3) and typically
represents mantle upwelling that characterizes extensional
environment related to rifting.
The Delhi Fold Belt towards the west, also shows an east verging
thrust (F3) that is connected to the western margin of the high
Figure 4. The observed and the computed Bouguer anomaly along Proﬁle I, the Nagaur e Jhalawar geotransect across the ADMB (Fig. 3) and the crustal section thus derived
showing a thick crust (w45 km) and a high density body in the lower crust under the ADMB and the Banded Gneissic complex. F1eF5 are faults that form boundaries of major rock
types. Densities are in g/cm3. Basement of the Vindhyan and Marwar Supergroup of rocks are formed by high density body (2.75 g/cm3) indicating maﬁc intrusive. DFB e Delhi Fold
Belt; EG e Erinpura Granite; GBF e Great Boundary Fault; MV e Malani Volcanics.
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seismic section is its high reﬂectivity in both the lower and upper
crusts that facilitated the construction of the subsurface geological
bodies for gravity modelling. High reﬂectivity of the lower and
upper crusts, in general indicate effects of extension and conver-
gence, respectively. Rocks of Banded Gneissic Complex show rela-
tively high bulk density (2.8 g/cm3) due to presence of
metasediments and maﬁc/ultramaﬁc intrusives. The Erinpura
granite and Malani volcanic towards the west of the ADMB being
largely felsic in nature show lower density (2.62 g/cm3) and ac-
counts for the gravity low, L2. Marwar Supergroup of rocks indicate
low bulk density (2.6 g/cm3) while its basement show high bulk
density (2.75 g/cm3) indicating maﬁc rocks. Similarly, the Vindhyan
sediments (2.5 g/cm3) on the eastern side are underlain by high
density maﬁc basement (2.75 g/cm3) that causes the gravity ﬁeld to
rise at the eastern end indicating maﬁc intrusives, those may be
equivalent to the MahakoshaleBijawar Supergroup of rocks that
form basement to Vindhyan sediments.
4.3. Crustal structures and evolutionary model
The crustal model shows a thick crust under the ADMB with a
high density and high velocity body in the lower crust. It also shows
several east verging faults and thrusts that are typical of orogenic
belts. Magmatic rocks of Erinpura granite and Malani volcanics
(w800 Ma) and other granitoids of 1000e800 Ma, west of the
ADMB indicate EeW convergence and they formed as subduction
relatedmagmatism at the close of the orogeny. Back arc basins with
bimodal volcanics (Chore and Mohanty, 1998) and hydro thermally
altered basaltic rocks (w760 Ma, Lente et al., 2009) west of the
ADMB further conﬁrm EeW convergence during this period. The
crustal model across the ADMB, therefore suggests an EeW
convergence during MesoeNeoproterozoic period with east
verging Delhi thrust and exposed Phulad ophiolite rocks along itswestern margin as a suture. However, the high density and
high velocity body in the lower crust with high reﬂectivity
clearly indicates an extensional phase related to rifting prior to
MesoeNeoproterozoic convergence. This rifting phase may belong
to PaleoeMesoproterozoic period as the eastern and the western
margins of the lower crustal high density body is controlled by the
Jahazpur thrust (F4; Fig. 4) and the Delhi thrust (F3; Fig. 4) which
belong to the Paleoproterozoic and Mesoproterozoic periods,
respectively. Various felsic intrusives of Paleoproterozoic period
like Jahazpur granite as referred to above (Table 1) along with the
granulite rocks of Sandmata complex (w1.8 Ga) also suggest an
orogeny during Paleoproterozoic period when the east verging
Jahazpur thrust also known as Banas Dislocation Zone of 20e25 km
wide ductile shear zone (Sinha Roy, 2007), was formed (Fig. 4).
Aravalli Supergroup of rocks of Paleoproterozoic period were
formed during this convergence and subsequent rifting as dis-
cussed above. High density basement rocks under the Marwar and
Vindhyan Supergroup of rocks indicate maﬁc basement and these
might be related, respectively to Delhi and Aravalli orogenies. A
Paleoproterozoic subduction and orogeny across the ADMB was
suggested by Mishra (2006), Sinha Roy (2007) and Naganjaneyulu
and Santosh (2012).
High heat ﬂow has been reported (Roy and Mareschal, 2011) in
the western part of the ADMB. Sen and Sen (1983) have also re-
ported recent uplift especially in the western part of the ADMB. In
the absence of any recent tectonothermal event, the former might
be related to large numbers of felsic intrusives and large crustal
scale faults that may act as conduits for themantle heat ﬂowas well
as aiding the recent uplift. Another suggestion that has been
advanced in this regard is the effect of lithospheric ﬂexure due to
Western Fold Belt (KirthereSulaiman ranges, Pakistan) (Mishra and
Ravi Kumar, 2012). In such a situation, the importance of crustal
scale faults to act as conduits for heat ﬂow becomes much more
important.
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5.1. Geology and tectonics
The SMB is characterized by rocks of PaleoeMesoproterozoic
period (Fig. 3, Table 1). Table 1 summarizes details of some signif-
icant geological events of the SMB and adjoining cratons related to
convergence and collision tectonics for a comparative study. Based
on geological observations, Yedekar et al. (1990) suggested Central
Indian Shear (CIS; Fig. 3) as a suture of MesoeNeoproterozoic
convergence. Chakraborty and Roy (2012) have also reported a
maﬁc/ultramaﬁc complex north of the CIS. Based on low-medium
grade supracrustal belts, gneisses, granitoids and granulite belts
with several crustal scale shear zones and tectonothermal events;
Acharyya (2003) and Roy and Prasad (2003) suggested continent-
continent collision at w1.5 Ga with SeN subduction in this sec-
tion. However, direction of convergence cannot be examined only
through the study of mobile belts. In fact, adjoining basins and
cratons play more important role in this regard as described below.
5.2. Geophysical anomalies and formation of central part of the
SMB (proﬁles II and III; Fig. 3)
The SMB shows linear gravity highs, H3 and H5 (Fig. 2) and
gravity lows, L3 and L4 north of it (Fig. 2) that formed set of gravity
anomalies requiring detail examination for the study of collision
tectonics in this section. Fig. 3 shows the zone of gravity highs along
the SMB which extends from the west coast of central India up to
East India (Kolkata). Modelling of gravity anomalies along Proﬁles II
and III (Fig. 3) suggested a high density body at a depth of 8e10 km
for the central gravity highs associated with the SMB (Mishra et al.,
2000; Arora et al., 2007) coinciding with a high conductive body
(Sarma et al., 1996) that suggested lower crustal rocks along with
ﬂuids at shallow depth in this section and crustal thickening
southwards under the Bhandara craton. Gravity modelling also
suggested that the Central Indian Shear (CIS, Fig. 3) as a north
verging thrust with high density rocks related to granulite exposed
towards the north of it. Seismic section also depicted dipping re-
ﬂectors from either sides towards the CIS (Reddy et al., 2000) and
high conductivity north of the CIS (Sarma et al., 1996;
Naganjaneyulu and Santosh, 2011) indicating a suture and a thrust.
The Bhandara craton, south of the gravity highs, H3 is largely
occupied by several local gravity lows and highs that are related to
felsic and maﬁc intrusives, respectively of MesoeNeoproterozoic
period (Mangikota volcanic; Khairagarh volcanic; Table 1) that are
similar to island arc type rocks and bimodal volcanics in rift settings
(Yedekar et al., 1990). Low density and low velocity rocks were also
inferred below the Moho south of the SMB under Bhandara craton
that were attributed to remnants of subducted rocks in this section
(Mishra et al., 2000). These geological and geophysical signatures
clearly indicate an NeS convergence, subduction and collision
across central part of the SMB duringMesoeNeoproterozoic period.
5.3. Mahakoshal e Bijawar and Vindhyan Supergroup of rocks
North of the SMB lies the large intracratonic Vindhyan basin
consisting of 5e6 km thick pile of metasediments of quartzite,
shale, sandstone etc ranging in age from PaleoeNeoproterozoic
period (Fig. 3). They are largely undisturbed and free of intrusives.
These are broadly divided in two groups, viz. Lower Group (Semri
Series) of w1.7 Ga (Ray et al., 2003) and Upper Group (Kaimur,
Bhander and Rewa Series) of 1.1e0.7 Ga (Ray et al., 2002). Vindhyan
sediments are laid over the older Paleoproterozoic Mahakoshal and
Bijawar Supergroup of rocks exposed partially along the southern
and northern borders of the Vindhyan basin with the SMB and theBundelkhand craton, respectively (Fig. 3). Near vertical reﬂections
in seismic section (Ojha, 2012) in the southern part of the Vindhyan
basin along the NarmadaeSon lineament at its contact with the
SMB also suggests that this part of the basin was involved in
collision tectonics. Mahakoshal and Bijawar Supergroup of rocks
largely consisted of metasediments with major basic/ultrabasic
intrusives supposedly formed in a rift environment over rifted
platform of the Bundelkhand craton (Mishra, 2011a,b). The Lower
Vindhyan Group (Semri Series) belonging to the period (w1.7 Ga)
deposited over the MahakoshaleBijawar Supergroup of rocks as
basement which are highly disturbed, folded and faulted along
their contact with the SMB and the ADMB due to subsequent
MesoeNeoproterozoic convergence (Mishra, 2011b). This latter
convergence has also uplifted the Mahakoshal Supergroup of rocks
as a horst as may be seen in the seismic section (Sain et al., 2000).
The Upper Vindhyan Group of MesoeNeoproterozoic period were
formed during contemporary convergence (Mishra, 2011a,b).
Extension of the gravity low due to Vindhyan basin (L5) along the
SMB and the ADMB indicate simultaneously occurring processes
related to both these orogenies that gave rise to a common foreland
basin.
Naganjaneyulu and Santosh (2010a,b) based on directions of
reﬂectors in seismic proﬁles, suggested both ways subduction, viz.
SeN and NeS across the SMB. They have also attributed high
conductive body in the crust to ﬂuids fromDeccan trap activity that
belongs to late Cretaceous. In fact, Deccan traps that are exposed do
not show high conductivity. Such high conductivity bodies are
characteristic of mobile belts world over and are attributed to up-
per mantle/lower crustal rocks thrusted during orogeny and pres-
ence of ﬂuids with them. However, to understand the direction of
convergence and subduction, data from the adjoining terrane of
basins and cratons play more important role. In the present case,
Mahakoshal and Vindhyan Supergroup of rocks towards the north
of the SMB represent typical rifted platform and foreland basin
deposits as described above, indicating NeS convergence and
subduction. This is further enforced by rift kind of deposits and
intrusives in Bhandara craton, south of the SMB. However, limited
subduction also from the south to the north cannot be ruled out as
two ways subduction may occur during continent-continent
collision.
Sakoli and Nandgaon bimodal volcanics with effusive type of
volcanic boulders and Dongargarh and Malanjkhand K-granite
pluton of island arc type intrusives of Paleoproterozoic period
(2.2e2.3 Ga, Table 1) in Bhandara craton suggest that there might
have been a Paleoproterozoic orogeny also across the SMB as in case
of the ADMB prior to the rifting of PaleoeMesoproterozoic period.
Margin of the Malanjkhand granite (w2.5 Ga) close to the CIS is
mylonitized (Majumder and Mamtani, 2009) which also indicate
convergence during this period.
5.4. Western part of the SMB
(i) ThuadaraeSindad proﬁle
The western part of the SMB is covered by Deccan trap of late
Cretaceous and there are no exposures of ArcheaneProterozoic
rocks in this section to examine for plausible Proterozoic collision
tectonics from surface geology. Geophysical data in such situations
are found to be extremely useful. A gravity proﬁle, (Proﬁle V; Fig. 3)
from ThuadaraeSindad across the western part of the SMB is
modelled constrained from the seismic section (Sridhar et al., 2007)
to check the density structures related to collision tectonics in this
part of the SMB. This gravity proﬁle (Fig. 5) shows a high over the
SMB (H1) and a low, L1 south of it that are modelled due to a high
density body in the upper crust under the SMB and crustal
Figure 5. Gravity proﬁle across the western part of the SMB from Thuadara to Sindad (V; Fig. 3) showing gravity high, H1 over the SMB due to high density intrusive in the upper
crust and low, L1 south of it related to upper crustal thickening (w28 km), separated by Tapti River (TR) lineament/fault; NR e Narmada River/fault.
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fault. The high density body in the upper crust (2.85 g/cm3) is
almost similar to that described above along proﬁles II and III
(Fig. 3) across the central part of the SMBwith Tapti lineament/fault
being westward extension of the CIS in the central part of the SMB.
Magnetotelluric studies (Rao et al., 1995) along the same proﬁle
also indicated blocks of different conductivity on either side of the
Tapti lineament with high conductivity in the upper crust under
the SMB similar to those observed along proﬁle II (Fig. 3) across the
central part of the SMB as described above. There are several local
gravity lows and highs within the gravity lows, L2 (Fig. 2) south of
the gravity highs, H5 related to the SMB that may be related to
similar felsic and maﬁc rocks as has been described above for the
Bhandara craton related to the Proterozoic collision along the
central part of the SMB.
(ii) BhopaleSangole proﬁle
Another important data set related to Proterozoic collision and
subduction across the western part of the SMB is the conductivity
distribution under the Deccan Volcanic Province (Hari Narayana
et al., 2007). A conductivity proﬁle south of the SMB from Partur
to Sangole (Fig. 1) is given in Fig. 6a (Patro and Sarma, 2009)
that shows an upper mantle conductor that dips consistently
southwards almost at 45 extending tow120 km in the lithospheric
mantle from shallow depths of 8e10 km in the upper crust near
Partur, close to the SMB (Fig. 1). This ﬁgure also shows gravity data
along the same proﬁle that indicates a regional gravity gradient
decreasing from the north of Partur upto south of Sangole, almost
subparallel to the upper mantle conductor that indicates a slab of
low density and high conductivity as it goes deeper.
The above proﬁle being limited to the south of the SMB, we
extracted a gravity proﬁle extending northwards from Bhopal to
Sangola passing through Partur (Fig. 2) andmodelled it constrained
from the magnetotelluric model in the southern part, Partur to
Sangole (Fig. 6a). The computed crustal and lithospheric models are
shown in Fig. 6b. A high density body (2.95 g/cm3) almost at the
same depth ofw10 km has been delineated under the western partof the SMB along the Tapti River fault as along the previous proﬁles,
ThuadaraeSindad and Proﬁle II across the central part of the SMB.
The present model suggests a low density body (2.85 g/cm3) in the
lower crust and another low density body in the lithospheric
mantle (3.28 g/cm3) related to high conductive body under the
Purna River fault as given in Fig. 6a. This body extends upto
w120 km across the PurnaeGodavari river faults that deﬁne lith-
osphere e asthenosphere boundary (LAB) in this section. The
model also shows LAB varying from w120 km under Bhopal to
w140 and w120 km under these faults and Sangole, respectively.
The change in the LAB north of Sangole almost coincides with these
faults and remanence of the subducting slab suggesting that these
faults are plausibly an ancient fault and was involved in the Pro-
terozoic collision and subduction in this section. These depths to
LAB conform to those obtained from the seismic tomography
(Priestley et al., 2008).
This low density and high conductivity body in the lithosphere
indicates the association of ﬂuids that may be related to meta-
morphism of the subducted rocks transforming it to eclogite as
observed in the present day orogenic belt of Himalaya (Mishra and
Ravi Kumar, 2012). This body plausibly represents remanence of the
Proterozoic subducting slab as similar inclined slabs have been
traced in seismic sections of several Proterozoic terrains world over
such as AbitibieGrenville province of the Canadian Shield (Cawood
et al., 2006) and Gulf of Bothnia (Riahi and Lund, 1994). Besides
high density bodies under the SMB associated with Tapti linea-
ment/faults, crustal and lithospheric thickening south of the SMB
and remanence of the subducting slab dipping away from the SMB
suggest NeS convergence and subduction across the western part
of the SMB. These observations indicate that the western part of the
SMB also represents a Proterozoic collision zone similar to its
central part as discussed above signifying plausibly that the entire
SMB was involved in the Proterozoic collision.
5.5. Connection of the SMB and the ADMB
The gravity highs associated with the SMB (H3 and H5) and
ADMB (H2) join towards the west to form a curvilinear mobile belt
Figure 6. (a) Conductivity distribution in crust and upper mantle along PartureSangole proﬁle, south of the Satpura Mobile Belt showing an upper mantle conductor that is
connected to those in the crust south of Partur. It also shows a regional gravity gradient decreasing with depth indicating low density rock/slab. (b) Two dimensional gravity model
along BhopaleSangola proﬁle (Fig. 1) across the western part of the SMB. The high density body in the crust under the gravity high, H1 is related to the SMB, controlled by Tapti
River fault that is similar to those delineated along Proﬁle II in the central part of the SMB (Fig. 3) related to maﬁc intrusives. Tapti river fault in the western part of the SMB is
synonymous to the Central Indian Shear/Suture (CIS; Fig. 3). The low density and high conductive inclined body in the Lithospheric mantle (3.28 g/cm3) and its continuation in the
crust (2.85 g/cm3) under PurnaeGodavari rivers faults are constrained from the magnetotelluric investigations (Fig. 6a) and appears to represent remanence of the Proterozoic
subducting slab indicating that these faults were active during that period. LAB e LithosphereeAsthenosphere Boundary; PR e Purna River Fault; GR e Godavari River Fault.
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Rajasthan block towards the west and DharwareBhandara
cratons towards the south (Figs. 1 and 3) with EeW convergence
across the ADMB and NeS convergence across the SMB during
MesoeNeoproterozoic periods. Contemporary NeS convergence of
Bundelkhand craton across the SMB and its EeW convergence
across the ADMB suggest primary stress direction as NEeSW with
EeW and NeS components. It is supported by NWeSE oriented
mega lineaments/faults and shear zones in the Bundelkhand and
the Dharwar cratons (Pradhan et al., 2010; Mishra and Ravi Kumar,
2012). Extension of the Vindhyan basin (L3, L4 and L5) both along
the SMB and the ADMB as foreland basin also suggest simultaneous
processes operating across both these orogenic belts.
6. Eastern Ghat Mobile Belt and Cuddapah Basin
The EGMB and related Cuddapah basin are deﬁned by the
gravity anomalies, H4 and H6 and L7 and H13 (Figs. 1 and 2),
respectively that are discussed below.
6.1. Geology and tectonics
High grade charnockite and khondalite rocks of the EGMB and
intrusives are exposed from south of Bhubaneshwar up to north of
Chennai (Nellore) (Fig. 1) have provided wide range of dates from
1.6e1.0 Ga (Mezger and Cosca,1999). However, themost prominent
metamorphic event in the EGMB is reported at 1.0e1.1 Ga (Paul
et al., 1990). The northern part of the EGMB consists of gneisses
andmigmatites with high grade granulite rocks of Mesoproterozoic
period (1.6e1.5 Ga) (Dobmeier and Raith, 2003; Dobmeier et al.,
2006), which are similar to those reported from the Chottanagpur
Granite and Gneisses (CGGC) in Eastern India (Acharyya, 2003). In
fact, they have provided dates of about 1.6 Ga of magma
emplacement and 0.5 Ga for low grade metamorphic overprint,
related to Pan African event in the EGMB. Vijaya Kumar and
Leelanandam (2008) have identiﬁed two stages of rifting and
convergence in the southern part of the EGMB, east of the Cudda-
pah basin during Paleoproterozoic period (2.0e1.6 Ga) and Meso-
proterozoic period (1.55 Ga) to Grenvillian/Pan African collision
(1.0/0.5 Ga). Similarly the high grade metamorphic event of
Neoarchean time reported from the northern section is absent from
the southern section (Mukhopadhyay and Basak, 2009). Granite
intrusives and alkaline complexes of Mesoproterozoic period
(w1.5e1.1 Ga) are more prevalent in the southern section, south of
the GPB (Fig. 1) compared to the northern section. These observa-
tions suggest that the two parts, northern and the southern parts of
the EGMB may have different collision histories.
The metasediments of Cuddapah basin (Fig. 1) abetting the
EGMB in the southern part primarily consists of Cuddapah Super-
group of rocks of Paleoproterozoic period (w1.9e1.6 Ga, Nagaraja
Rao et al., 1987) in the eastern and the western parts of the basin
(Fig. 7) and Kurnool group of rocks of Neoproterozoic period in the
central part (Fig. 7) that is considered mostly undisturbed and free
from any volcanic activity. The eastern part of the basin, known as
Nallamalai sub basin along the EGMB is highly disturbed with
several folding and faulting and consists of metasediments with
several acidic intrusives and lamprophyre dykes. The western
margin of Cuddapah basin is characterized by large maﬁc sills in
Cuddapah Supergroup of rocks that have been dated as
1885.4  3.1 Ma (French et al., 2008). They have also reported
similar dates for some dykes from southern part of the Bastar
craton, north of the Godavari Proterozoic Belt (GPB) almost 500 km
towards the north of the Cuddapah basin (Fig. 1) suggesting the
existence of a large igneous province during Paleoproterozoic
period in this region. Cuddapah basin is also characterized byoccurrences of several minerals such as base metals, barytes etc.
including uranium mineralization along the western margin of the
basin (Fig. 7, crosses).
6.2. Geophysical studies
(i) Gravity and seismic studies
The EGMB extending from south of Bhubaneshwar up to
Chennai is largely characterized by gravity highs along the east
coast of India (H4 and H6, Fig. 2). The linear gravity highs, H4 and
H6 extend southwards up to the southern end along the east coast
of India (H8) and northwards up to Himalaya, H7. The gravity highs,
H7 extends to the Himalayan front across the Ganga basin as shown
by kinks in the contours and coincides spatially with the
MonghyreSaharsa basement ridge. The gravity highs and lows, H13
and L6 west of the EGMB (Fig. 2) in the southern part are related to
the Cuddapah basin (Fig. 8) occupied by metasediments and maﬁc
intrusives of PaleoeNeoproterozoic period. A detailed geoid cor-
rected gravity map of the Cuddapah basin is given in Fig. 8 (Krishna
Brahmam et al., 1986; Singh and Mishra, 2002) that shows gravity
lows and highs, L1 and H1 over the eastern and the western parts of
the basin. The gravity highs, H1 are located where large maﬁc ﬂows
and sills are exposed. Other gravity highs, H2 are observed over the
Nellore schist belt of the EGMB west of Cuddapah basin that
belongs to the Paleoproterozoic period (Vijaya Kumar and
Leelanandam, 2008). This section also consists of Kandra ophio-
lite volcanics (w1.7 Ga) that indicate a contemporary suture zone.
(ii) Airborne magnetic map of Cuddapah basin
The airborne total intensity map of the Cuddapah basin recor-
ded at a terrain clearance of about 5000 (w152 m) with a proﬁle
spacing of 1 km (Mishra et al., 1987; Babu Rao et al., 1998) provided
a complex picture of magnetic anomalies due to several maﬁc in-
trusives in the western part of Cuddapah basin as dykes and sills
and metamorphosed sediments. This data set was reprocessed by
correcting for the earth’s geomagnetic reference ﬁeld (IGRF) and
ﬁltered for the high frequency components due to noise and sur-
face/shallow bodies that provided a total intensity magnetic
anomaly map of the Cuddapah basin (Fig. 9) with anomalies pri-
marily originating from the basement. This map broadly shows a
magnetic low (L1) along the SeW margin of the Cuddapah basin
with magnetic highs towards north (H1) and another high (H2)
south of it. The amplitude and the extent of these magnetic
anomalies suggest a large igneous province under the sediments
that has given rise to this set of magnetic anomalies, which is
responsible for evolution of this basin. The size of the magnetic
anomaly indicates that it represents a large maﬁc intrusive in the
basement of the western part of this basin (Mishra et al., 1987).
(iii) Integrated modelling of gravity and magnetic proﬁles across
Cuddapah basin
The airborne magnetic and gravity data along the deep seismic
sounding Proﬁle I, KavalieParnapalle, (Fig. 3) across Cuddapahbasin
(Kaila et al., 1979) are jointly modelled (Mishra and Tiwari, 1995,
Fig. 10) constraining it from the seismic section. This proﬁle shows
twomajor gravity highs, H1 andH2 related to thewesternpart of the
Cuddapah basin and the EGMB, respectively with an intervening
low, L1 over the Nallamalai basin. The computed crustal model
suggests a thrust T1 of high density under the EGMB and a crustal
thickening together with an underplated crust (3.05 g/cm3) under
the eastern part of the Cuddapah basin, west of the EGMB. It also
suggests a large maﬁc intrusive (MI) in the basement of high
Figure 7. Geological map of the Proterozoic Cuddapah basin (CB) and the adjoining Eastern Ghats mobile belt (EGMB; GSI, 1993a). Their contact zone is characterized by a thrust
fault along the eastern margin of the Cuddapah basin and the Nellore schist belt towards the east. Crosses () along the western margin indicate uranium mineralization. The
Proﬁle I from Kavali (K) e Parnapalle is used for the density modelling across this region.
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tion 6 and declination ¼ 119 that is similar to direction of
magnetization of sills of PaleoeMesoproterozoic period exposed in
this region. This is an asymmetrical maﬁc lopolith with its thickest
part being along the western margin of the basin that might have
acted as a conduit. This maﬁc body in the basement is related to the
consistent uplift of the basement and the lower crust (2.75 g/cm3)
from the east to the west across the basin which is also observed in
the seismic section for the seismic layer with velocity, 6.4 km/s. It
indicated that the thrusting related to the EGMB has apparentlyaffected the whole of Cuddapah basin and this is also supported
from the reported high conductivity in the crust (Naganjaneyulu
and Harinarayana, 2004). The gravity lows, L1 (Fig. 10) under the
eastern part of the Cuddapah basin is modelled due to crustal
thickening along the EGMB. There are other gravity lows, L10 (Fig. 2)
in the Bastar craton along the EGMB and almost subparallel to it
towards the north indicating that they also must have been caused
by crustal thickening. This suggests crustal thickening is a common
feature along the EGMB towards the west of it indicating EeW
convergence and subduction across the EGMB.
Figure 8. Bouguer anomaly map (in mGal) of the Proterozoic Cuddapah basin and the adjoining Eastern Ghats mobile belt (after Krishna Brahmam et al., 1986) showing prominent
gravity high (H1) over SW Cuddapah basin and gravity lows, L1 and L4 over the eastern Cuddapah basin (Nallamalai sub-basin). Gravity highs, H2, H4 and H5 and lows, L2 and L5
coincide with the Eastern Ghats mobile belt. Faulted contact zone thrust is characterized by a sharp gravity gradient (Gr). Star in Gravity highs, H4 indicates epicentre of Ongole
seismic zone (O). Towns shown are: C e Cuddapah, N e Nandyal, M e Mangampeta, K e Kavali, P e Parnapalle.
D.C. Mishra, M. Ravi Kumar / Geoscience Frontiers 5 (2014) 25e4136Large maﬁc body in the western part of the basin
(w100 km  100 km) along with large numbers of maﬁc sills and
ﬂows and underplated crust (Fig. 10) indicates a large igneous
province in this region that may represent plume related magma-
tism. Simultaneous modelling of the gravity and magnetic ﬁelds
across the Cuddapah basin for the ﬁrst time deﬁned the large maﬁc
intrusive (MI, Fig. 10) as the basement and underplated crust that
are typically found under volcanic provinces.
6.3. Evolutionary model
West verging thrust under the EGMB with predominant
Mesoproterozoic ages (1.5e1.0 Ga) along with crustal thickening
west of the EGMB as suggested above from gravity modelling and
seismic studies may be inferred to have been formed due to
collision of the Indian continent and the East Antarctica. It also
suggests EeW convergence during this period which is also sup-
ported from contemporary direction of convergence in North
Indian Shield across the ADMB (Fig. 1). This may be related to the
Grenvillian agglomeration where eastern margin of India was
juxtaposed against the East Antarctic Shield indicating thecollision of the two continents. This convergence also might have
been in a NEeSW direction as suggested by similar oriented
(NEeSW) shear zones with large strike slip displacement due to
shearing stress (Chetty, 2001) in the EGMB and major NWeSE
oriented lineaments/faults in Dharwar craton adjoining the
EGMB (Mishra and Ravi Kumar, 2012). A NEeSW direction of
convergence along the EGMB makes it similar to almost contem-
porary direction of convergence in north India as described above
across the SMB and the ADMB suggesting a common model of
convergence of the Indian cratons during MesoeNeoproterozoic
period.
Large scale maﬁc intrusive of Cuddapah basin that is spread over
a wide area indicate contemporary plume activity at w1.9 Ga that
was responsible for rifting of cratons in this section. The contem-
porary Cuddapah Supergroup of rocks (Nallamalai and Papagani
subbasins) was deposited during this rifting phase that are highly
disturbed and deformed due to subsequent convergence. During
MesoeNeoproterozoic convergence, the Kurnool Supergroup of
rocks of Neoproterozoic period was deposited on the rifted plat-
form of the adjoining Dharwar craton (Fig. 1) that is largely
undisturbed.
Figure 9. Airborne total intensity magnetic anomaly map of SeWpart of Cuddapah basin ﬂown at 5000 (w150 m) with ﬂight line spacing of 1 km. The IGRF ﬁeld and high frequency
components due to noise/shallow sources have been removed from the observed ﬁeld. It shows a magnetic high (H1) in the northern part and a low (L1) in the southern part along
the SeW margins of the Cuddapah basin. Another high (H2) is observed just outside the SW margin of the Cuddapah basin that coincides with Peninsular gneisses and felsic
intrusives.
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during PaleoeNeoproterozoic period
The suggested sequences of events for the formation of the
Indian Shield due to interaction of various cratons based on the
study as described above are summarized below.
7.1. MesoeNeoproterozoic convergence along the ADMB, SMB, and
EGMB
Therewere NeS and EeWconvergence of Bundelkhand craton in
Central India and DharwareBhandara cratons towards south and
Marwar craton (WesternRajasthan block) towards thewest along the
SMB and the ADMB, respectively (Fig. 1) during MesoeNeoproter-
ozoic period. It gave rise to contemporary felsic intrusives similar to
island arcs and back arc basins of Bhandara craton towards south of
the SMB (Table 1) and Marwar craton west of the ADMB (Table 1),
respectively. This convergence and collision has also provided
thrusted high density and high conductive rocks in the upper crust
under both these orogenic belts. High conductivity and low density
slab across the western part of the SMB and PurnaeGodavari River
faults may represent remnant of the subducted rocks that extend inthe lithospheric mantle up to w120 km. The lithospheric thickness
varies from 120e140 km along the proﬁle. This is one of the most
signiﬁcant signatures of the Proterozoic convergence and subduction
in this country. Similar inclined reﬂectors have been recorded from
several Proterozoicorogenic beltsworldoveras referred toabove. The
SMB and the ADMB join in the western part forming a curvilinear
collision zone andNeS and EeWdirected convergences, respectively
across them indicate NEeSW directed stress ﬁeld with components
in above directions. The contemporary Upper Vindhyan sediments
(w1.1e0.7 Ga) along the SMB and theADMBwere formed as foreland
basin during this convergence.
The SMB and especially its northern boundary, Narmada-Son
lineament (Fig. 3) has been suggested to extend all through
Central India up to Shillong plateau along Brahmaputra lineament
(Rajasekhar and Mishra, 2008) that may be even extending to
Albany mobile belt in Western Australia (Harris and Beeson, 1993).
They have brought out similarities between the folding pattern of
the Vindhyan Supergroup along the SMB and the ADMB (Great
Boundary Fault, Figs. 3 and 4) and Stirling Range formation along
Albany mobile belt. The gravity highs due to the SMB extend
eastwards up to East India, north and NW of Kolkata which shows
enhanced seismic activity (Fig. 1) conﬁrming their interaction.
Figure 10. Bouguer anomaly (Fig. 8) and airborne total intensity data (Fig. 9) along Proﬁle I across the EGMB and the Cuddapah basin (Fig. 7). The modelled crustal section and the
computed ﬁelds are also shownwith their physical properties mentioned separately for each body. K is susceptibility in c.g.s. units. R.M. is remanent magnetization in A/m and I and
D represent the inclination and declination of remanent magnetization. Density is shown in g/cm3. MI is maﬁc intrusive in the basement similar to a lopolith that was responsible
for the formation of the western part of the basin.
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ADMB and the SMB, there was an EeW convergence across the
EGMB between the East Antarctica and the Indian Shield (Fig. 11)
that gave rise to contemporary thrusted rocks of the EGMB and
formed the Grenvillian agglomeration of Indian cratons and East
Antarctica. Gravity highs due to the EGMB extend northwards up to
the Himalayan front across Ganga basin where it manifests as
MonghyreSaharsa basement ridge. The extension of the SMB to-
wards the east and the northward extension of the EGMB (H7,
Fig. 2) interact north and NWof Kolkata where comparatively more
seismic activity have been reported (Fig. 1) which also indicate
interaction of these mobile belts in this section. The Monghyr e
Saharsa basement ridge and its intersection with the Himalayan
front also show high seismicity where large/great BihareNepal
earthquake of 1934, and 1833 (Sukhija et al., 2002) and 1988 (GSI,
1993b) were reported.
NEeSW oriented shear zones and strike slip motion along them
and large scale NWeSE lineaments in Dharwar craton indicate thatFigure 11. A schematic section of the Mesoproterozoic collision between the Indian
cratons and East Antarctica along the EGMB that gave rise to this mobile belt and
associated intrusive which gave rise to Cuddapah basin. E-W arrows indicate direction
of convergence while upwards inclined arrows indicate direction of thrusting.
CBeCuddapah Basin, EGeEastern Ghat Mobile Belt, NCeNapier Complex of East
Antarctica.the forces of convergence across the EGMB also might have been in
a NEeSW direction as proposed above in case of the ADMB and the
SMB in north India. It suggests uniform direction of convergence
during MesoeNeoproterozoic period in the Indian continent which
is more logical compared to assigning different direction of almost
contemporary convergences for the northern block and the EGMB
along the east coast of India. This is especially so as plate tectonic
processes are regional in nature controlled by deep seated con-
vection cells which would propel all cratons/continents of a region
in the same direction.7.2. PaleoeMesoproterozoic rifting of Indian cratons
Cuddapah basin consists of large numbers of maﬁc dykes and
sills in the western part that has been dated as w1.9 Ga. These
exposedmaﬁc dykes and sills along with the subsurface largemaﬁc
lopolith as basement (MI; Fig. 10) in the same region suggest a large
igneous volcanic province at that time. Contemporary maﬁc dykes
of almost same age (w1.9 Ga) have also been reported from the
Bastar craton, almost 500 km north of the Cuddapah basin. The
Bastar craton is also characterized by several Proterozoic basins like
Chhattisgarh basin which also might have formed in the same
manner due to the same plume.
The GPB is also characterized by highly disturbed Paleoproter-
ozoic Pakhal Supergroup of rocks with large scale basic/ultrabasic
intrusive and Sullavai Supergroup of rocks of MesoeNeoproter-
ozoic period that are less disturbed (Rao, 1987) and are contem-
porary to Cuddapah and Kurnool Supergroup of rocks, respectively.
The GPB lies in between the Cuddapah basin and the Bastar craton
(Figs. 1 and 2). It is, therefore likely that Pakhal and Sullavai
Supergroup of rocks along the GPB were also formed in the same
manner due to PaleoeMesoproterozoic rifting caused by the same
plume/superplume and MesoeNeoproterozoic convergence,
respectively. The contact of the Bastar craton with the GPB has
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(Santosh et al., 2004) that might have formed prior to Meso-
eNeoproterozoic convergence. Another granulite belt of Kar-
imnagar, south of the GPB has shown dates of 2.4e2.2 Ga (Santosh
et al., 2004) which may be related to Paleoproterozoic convergence
as described below. High density and high velocity rocks have been
reported from shallow depths ofw6e8 km under the GPB (Mishra
et al., 1999) and these granulite belts along the shoulders of the GPB
may represent their surface manifestation.
The MahakoshaleBijawar basins in central India and associated
intrusives have been equated to Gwalior and Bijawar traps that
have been also been dated asw1.8 Ga (Pradhan et al., 2010) which
is almost the same as that reported by French et al. (2008) for in-
trusives in Cuddapah basin in south India and Bastar craton in east
India. These maﬁc intrusives of almost the same age but located so
far apart suggest the existence of a plume/superplume at that time
which gave rise to these intrusives and basins related to that period.
It is therefore likely that the same event was responsible for
breakup of Bundelkhand craton in central India and contemporary
MahakoshaleBijawar group of rocks with large scale maﬁc/ultra-
maﬁc intrusives were formed on the rifted platform of the
Bundelkhand craton during PaleoeMesoproterozoic period
(w1.9e1.6 Ga). The contemporary Aravalli Supergroup of rocks
along the ADMB and the Lower Vindhyan sediments (Semri group;
w1.7 Ga) along the SMB and the ADMB were also formed almost at
the same time over the rifted margins of the cratons. The
contemporary magmatic rocks of this region may be associated
with this rifting phase. The Upper Group of Vindhyan rocks
(1.1e0.7 Ga) were formed during MesoeNeoproterozoic conver-
gence along the SMB and the ADMB as foreland basin and this also
explains the long hiatus between the two groups of rocks viz. Lower
and Upper Vindhyan group of rocks as they formed during different
phases of plate tectonics, viz. rifting and convergence. Large scale
disturbances as folding and faulting of MahakoshaleBijawar Su-
pergroup of rocks and Lower Vindhyan sediments especially along
their contact with the SMB is attributed to subsequent
MesoeNeoproterozoic convergence as described above.
Meert et al. (2011) have suggested similar age magmatic activity
even in Dharwar craton, India and several other cratons of
‘Columbia’ supercontinent such as North China, Baltica, Laurentia,
Australia, Siberia, and the Kaapvaal and Zimbabwe (southern
Africa) cratons. The same plume/superplumemay, therefore appear
to be responsible for the breakup of Columbia supercontinent
during Paleoproterozoic period (w1.9 Ga).
7.3. Paleoproterozoic convergence
Paleoproterozoic intrusive rocks of the ADMB such as Berach
granite, Sandmata granulite rocks, Darwal and Amet granite of
Paleoproterozoic period (w2.5e1.7 Ga, Table 1) suggest a Paleo-
proterozoic convergence. Same is the case with the SMB where
Malanjkhand and Dongargarh granites and bimodal volcanic of
Sakoli and Nandgaon group (w2.3e2.2 Ga, Table 1) indicate that
there might have also been a phase of convergence during Paleo-
proterozoic period across the SMB. We also noticed effusive type of
volcanic boulders in Sakoli group of rocks indicating rift environ-
ment forming back arc rift basins emphasizing Paleoproterozoic
convergence. This convergence was followed by the rifting phase
during PaleoeMesoproterozoic period as discussed above. Nellore
Schist Belt of NeoarcheanePaleoproterozoic period and Kondapalli
layered complex ofw1.7 Ga in the southern part of the EGMB and
high grademetamorphic event in the northern section of the EGMB
of NeoarcheanePaleoproterozoic period (Mukhopadhyay and
Basak, 2009) indicate that there might have been some form of
Paleoproterozoic convergence also in the case of the EGMB similarto that in case of the ADMB and the SMB that was followed by the
rifting phase as discussed above. The Karimnagar granulite belt of
2.4e2.2 Ga along the southern margin of the GPB and the
Paleoproterozoic Pakhal Supergroup of rocks with large scale
maﬁc/ultramaﬁc intrusive indicate some form of Paleoproterozoic
convergence and rifting also in case of the GPB. These observations
suggest that there might have also been convergence and sub-
duction across all Proterozoic mobile belts of India during
Paleoproterozoic period.
Brieﬂy, after Paleoproterozoic intrusives indicating some form of
convergence of Indian cratons, they were affected by large scale
igneous intrusion during the PaleoeMesoproterozoic period plau-
sibly by a plume/superplume that rifted the different cratons to
provide rifted platform for the formation of PaleoeMesoproterozoic
basins in these cases as discussed above. TheMesoeNeoproterozoic
basins in these cases, however appear to have formed during sub-
sequent convergence of cratons that caused a long hiatus in each
case (Mishra, 2011b). This breakup due to superplume may be
related to the breakup of supercontinent Columbia that existed
almost at the same time (Rogers and Santosh, 2009). Dates provided
here for different rocks are at the best approximate, as only some of
the rocks are dated using modern dating methods but that would
not change the general scheme of collision and breakup of Indian
cratons as presented here. Moreover, this is a general schemewhich
provides a similar scheme of tectonic events and direction of forces
across various contemporary Proterozoic mobile belts of the Indian
Shield. Such a scheme is much more logical compared to assigning
different directions of forces across different contemporary mobile
belts especially when these forces are regional in nature were
created over large areas due to mantle convection. However, there
may be some variations in various stages of these processes in
different sections.Acknowledgements
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